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[57] ABSTRACT

The disclosure concerns rotating-anode type X-ray
tubes. According to the disclosure, the rotor is sup-
ported by passive magnetic bearings, the respective
positions of which are such that the rotor is shifted in
the direction opposite to that of the anode. The rotor 1s
kept shifted by a thrust-bearing acts, at the same time, as
an electrical conductor for the anode current.

8 Claims, 2 Drawing Sheets
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SYSTEM FOR THE SUSPENSION OF A
ROTATING ANODE OF AN X-RAY TUBE WITH
PASSIVE MAGNETIC BEARINGS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention concerns X-ray tubes and, more partic-
ularly, a system for the suspension of a rotating anode
that has only passive magnetic bearings.

2. Description of the Prior Art

X-ray tubes, for medical diagnosis for example, gen-
erally consist (FIG. 2) of a diode, namely with a cath-
ode 21 and an anode 22 or anti-cathode, these two elec-
trodes being enclosed in a vacuum-sealed casing 8 that
enables electrical insulation between these two elec-
trodes. The cathode 21 produces an electron beam 23
and the anode 22 receives the electrons on a small area
forming a focal spot from which the X-rays are emitted.

When the high supply voltage is applied by a genera-
tor 24 to the terminals of the cathode 21 and the anode
22 so that the cathode is at the negative potential (-HT),
a so-called anode current is set up in the circuit through
the generator 24 producing the high supply voltage.
The anode current flows through the space between the
cathode and the anode in the form of the beam of elec-
trons 23 which bombard the focal spot.

A small proportion of the energy used to produce the
beam of electrons 23 i1s converted into X-rays while the
rest of this energy is converted into heat. Thus, given
also the high instantaneous power values (of the order
of 100 KW) and the small dimensions of the focal spot
(of the order of one millimeter), manufacturers have
long been making X-ray tubes with rotating anodes
where the anode is made to rotate to distribute the
thermal flux on a crown or ring called a focal ring with
a far greater area than the focal spot, the interest being
all the greater as the rotation speed is high (generally
between 3,000 and 12,000 rpm).

10

15

20

25

35

The standard type of rotating anode has the general 40

shape of a disk with an axis of symmetry 4 around
which it is made to rotate by means of an electrical
motor 1. The electnical motor has a stator 2 located
outside the casing 8 and a rotor 3 mounted in the casing
of the X-ray tube and placed along the axis of symme-
try, the rotor being mechanically and solidly joined to
the anode by means of a supporting shaft 28.

It is becoming increasingly frequent to use perma-
nently working X-ray tubes. This leads to ever greater
levels of dissipated energy. To cool the anode more
efficiently, it is made to rotate at ever higher rotation
speeds of the order of 10,000 rpm in mechanical type
tubes, the rotor of which is mounted on ball bearings.
These ball bearings have to work under very difficult
conditions, for the temperature is high and the high
vacuum of the tube in which they are placed prevents
lubnication by a liquid.

Furthermore, a mechanical system of this type gener-
ates noise and vibrations that are detrimental to the
comfort of the practioner and the patient as well as to
the quality of the image obtained.

To overcome the drawbacks of mechanical bearing
systems, it has been proposed to use magnetic devices to
suspend the rotor/anode set, thus preventing any me-
chanical friction.

It is recalled that, to maintain a body 30, with a cylin-
drical shape generated by revolution and an axis O;Z
(FIG. 1), it is necessary to control over 5 degrees of
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freedom along the axis 01Xy, O1Yy, 02X;, O2Y; and
0:Z, with the body retaining the capacity to rotate
around the axis OZ. |

According to Ernshaw’s Theorem, it is impossible to
obtain complete magnetic levitation of a body, namely
without any physical contact, and in a purely passive
manner that is, by using only permanent magnets. This
is why all hitherto proposed devices with magnetic
bearings for the rotation of a rotor/anode set of an
X-ray tube, have at least one active channel made with
an electromagnet associated with an electronic servo-
control circuit positiond along the axis corresponding
to this active channel. .

This, therefore, leads to the making of a fairly compli-
cated active system to maintain, for example, the posi-
tion of the rotor along the axis O1Z. To this end, it is
necessary to have position detectors. Information on
positional deviation, with respect to these detectors,
controls the value of the current in the electromagnet so
as to reduce this deviation.

An aim of the present invention is to make a system
for the suspension of an X-ray tube rotating anode of the
type having passive magnetic bearings, wherein the
maintaining of the longitudinal position of the rotor
along the axis does not require the use of a complicated
servo-control system.

SUMMARY OF THE INVENTION

The invention relates to a system for the suspension
of an X-ray tube rotating anode having a rotor placed
within the tube, one end of which supports the anode
and a stator placed at the outside of the tube, wherein
said system comprises at least two first magnetized rings
fixed to the rotor, and at least two other magnetized
rings fixed to the casing of the tube, said rings being
positioned with respect to one another so that the rotor
can rotate without mechanical friction on an axis of
rotation and so that it is axially shifted so as to come into
contact with a conductive thrust-bearing placed on the
side opposite that of the anode.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present inven-
tion will appear from the following description of a
particular exemplary embodiment, said description
being made with reference to the appended drawings of
which: .

FIG. 1 i1s a schematic drawing showing the six de-
grees of freedom of a body, and

FIG. 2 1s a schematic longitudinal sectional view of
an X-ray tube having a suspension system, with passive
magnetic bearings, according to the present invention.

DESCRIPTION OF A PREFERRED
EMBODIMENT

In FIG. 2, which has already been partially described
In the preamble, a motor 1 that drives an anode 22 of the
X-ray tube has a rotor 3 which can rotate on an axis of

rotation 4. One of the ends of the rotor bears the anode

22 by means of a supporting shaft 25. This rotor 3 is kept
In a state of levitation by passive magnets which, in
FIG. 2, are four in number. Each end of the rotor 3 has
a permanent magnet § and 6 which is shaped like an
annular crown or ring. The direction of the magnetiza-
tion is depicted by arrows such as the one marked 7.
Each magnet § and 6, borne by the rotor 3, works re-
spectively with a permanent magnet 9 and 10, which is
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fixed, for example, to the internal wall of a casing 8 of
the tube. These permanent fixed magnets 9 and 10 also
have the shape of an annular crown or rning, and the
direction of their magnetization is indicated by the ar-
-rows 7. The rotor 3 works together with the stator 2
which is placed outside the casing 8.

It will be easily understood that, with the direction of
the magnetizations, a repulsive magnetic force keeps the
rings § and 6 radially apart from the rings 9 and 10, so
that the rotor 3 can rotate on the axis 4 without contact
with the magnetic rings 9 and 10. The rings §, 6, 9 and
10 establish what are called passive magnetic bearings.

With the direction of the magnetizations as indicated
in FIG. 2, it is also understood that, in the longitudinal
direction along the axis of rotation 4, there is a longitu-
dinal force that tends to make the facing rings escape
one another once the planes of these rings no longer
coincide exactly. To keep them 1n coincidence, means
are usually provided to detect the longitudinal shift
from one side to the other, and to correct it, for example
by means of one or more electromagnets.

The present invention does not seek a coincidence
such as this but, on the contrary, provides for the shift-
ing of the fixed nngs 9 and 10 and of the moving rings
§ and 6 with respect to each other in a determined direc-
tion so as to prevent the unstable equilibrium of the
central position of coincidence. The direction of this
shift 1s such that the anode 22 approaches the fixed rings
9 and 10. In order to restrict the amphtude of this mo-
tion, a thrust-bearing 11 is placed at the end of the rotor
opposite to the end bearing the anode 22. This thrust-
bearing is also used as an electrical conductor for the
anode current. It should therefore have features en-
abling 1t to fulfil these two functions. As a thrust-bear-
~ing it should be designed to have the minimum friction,
sO as not to loose the advantages due to the magnetic
bearings. As an electrical conductor, its electrical
contact with the rotor should be good enough to con-
duct the anode current while preventing local heating.

The thrust-bearing 11 can be made in different ways
along the lines of the following principles. The contact
should be achieved along the axis of rotation of the
rotor, 1.e. at points where the linear speed is almost mile.
The nature and geometry of the materials used are
chosen so as to restrict wear and tear while enabling
good electrical contact and good electrical conduction.

FIG. 2 shows a particular embodiment of a thrust-
bearing having two balls 12 and 13 separated by a spring
14. The ball 12 comes into contact with the rotor 3in a
cone-shaped blind hole 18, centered on the axis of rota-
tion 4. The ball 13 is embedded in the bottom of a blind
hole which is aligned with the axis of rotation 4. The
ball 13 1s electrically connected to an output terminal 16
of the anode current which is solidly joined to the cas-
ing 8. This blind hole can be made either in the casing 8
or through a support fixed to the casing 8 by any known
means. The spring 14 1s supported on the two balls 12
and 13, and works in compression. |

The elastic system formed by the rotor 3 bearing the
anode 22, the magnetic nngs §, 6, 9 and 10 creating an
axial repulsive force, and the spring 14 creating an axial
force in a direction opposite to that of the repulsive
force, has to be adjusted so that the pressure of the
spring 14 is minimal when the anode 22 is in the low
position. For any other position, the pressure will be
greater, and its only drawback will be to increase wear

and tear at the contact points between the ball 12 and
the rotor 3.
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To reduce this wear and tear, it is advantageous to
interpose a thin layer of a soft metal between the parts
in contact. This layer of a soft metal acts as a solid
lubricant and is made, for example, of lead, silver, gold,
etc. This layer should not be detrimentel] to the quality
of electrical contact in any way.

The thrust bearing 11 that has just been described has
two balls 12 and 13 associated with a spring 14. This
device can be advantageously replaced by a single ball
which would be supported, on one side, on the cone-
shaped blind hole 15 and, on the other side, on the out-
put terminal 16, solidly joined to the casing 8.

The magnetized rings §, 6, 9 and 10 are built with
materials having magnetic qualities, notably remanent
magnetization and coercive field properties, that are as
good as possible. This is the case with samarium-cobalt
or iron-neodymium-boron alloys. It must be noted that
the latter alloy easily gets corroded and oxidated, and
that it 1s therefore important for the rings 9 and 10 to be
placed inside the glass casing 8 where a high vacuum
prevails.

It must be noted that, for less brittle alloys, the rings
9 and 10 can be placed outside the casing 8. However,
in this arrangement, the width of the gap is increased
and this is a drawback.

It will be also noted that these magnetic rings are
obtained by sintering, and that sintered materials of this
type may raise problems during the degassing of the
tube to obtain a vacuum of 10—8to 10—9 tor. It is there-
fore proposed to surround the magnetized rings with a
casing made of a non-magnetic material, the thickness
of which would be as thin as possible, so as not to in-

crease the gap excessively. A casing of this type could

also play a reinforcing role in order to provide for the
mechanical holding of the rotating rings § and 6, i.e. to
prevent them from splitting up in the event of rotation
at very high speeds.

The invention has been described by means of a par-
ticular exemplary embodiment. However, it can be
implemented 1n different embodiments. Thus, for exam-
ple, more than four magnetized crowns could be used.
It 1s also possible to use other thrust-bearing devices.

What is claimed is:

1. A system for the suspension of a rotating anode of
an X-ray tube which has a rotor rotating on an axis, one
end of which supports the anode and a stator placed at
the outside of said tube, wherein said system comprises

at least two first magnetized rings fixed to the rotor, and

at least two other magnetized rings fixed a casing of said
tube, said rings being positioned with respect to one
another so that said rotor can rotate without mechanical
friction around an axis of rotation and so that it is axially
shifted so as to come into contact with a thrust-bearing
placed on a side opposite that of the anode.

2. A suspension system according to claim 1, wherein
the thrust-bearing acts as a conductor of anodic current.

3. A suspension system according to claim 1 or 2,
wherein the thrust-bearing has a single ball which is in
contact, on one side, with the rotor along the axis of
rotation and, on the other side, with an output terminal
of the anodic current, that is solidly joined to the casing.

4. A suspension system according to claim 1 or 2,
wherein the thrust-bearing includes a first ball in
contact with the rotor along the axis of rotation, a sec-
ond ball in contact with an output terminal of the an-
odic current and a spring placed between the two balls.
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:- A SU;'PC“SiO“ system according to clai{n 1or 2, wherein the magnetized rings are coated with a casing
wherein the magnetized rings fixed to the casing of the (.o ¢ ¢ hamper the degassing of the tube.

tube are placed on an internal wall of the casing. 8 A . 4 lai
6. A suspension system according to claim 1 or 2, - A suspension system according to claim 1 or 2,

wherein the magnetized rings fixed to the casing of the wherein the magnetized rings fixed to the rotor are
tube are placed on an external wall of the casing. embedded into a casing.
7. A suspension system according to claim 1 or 2, * * * = 3
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